AD  683529 


'  ■  -  9 


HEADQUARTERS  QUARTERMASTER  RESEARCH  &  ENGINEERING  COMMAND,  US  ARMY 

Quartermaster  Research  &.  Engineering  Center 

Natick,  Massachusetts  / 


Environmental  Protection  Research  Division 


Research  Study  Report 


RER-32 


.  f.  ■  •*•  t ..  > 

A."  *tf! 


TEMPERATURE  AND  DENSITY  ALTITUDE  CONS  I  DGI^T  I 

FOR  DESIGN  OF  ARMY  HELICOPTERS  [<*<'*«  -  -v  '  1 


Arthur  V.  Dodd 


Meteorologi st 


1  D..D 

tWT""“  ■■ 


Regional  Environments  Research  Branch 


Pro  iect  No.  1-&3~Ol-OOb 


Reproduced  by  the 

CLEARINGHOUSE 
for  Federal  Scientific  &  Technical 
Information  Springfield  Vs.  22151 


March  i960 


(Prepared  as  a  letter  retort  in  March  i9:jb) 


TH13  „  ,r  HAL  BCLN  APPROV.'P  fon 

-  IJJl  CASC  fr?  &ALC.  IV5  DISTHILUT'Orl 

IS  UNLIMH  to. 


TEMPERATURE  AND  DENSITY  ALTITUDE  CONSIDERATIONS  FOR  DESIGN 

OF  ARMY  HELICOPTERS 


1 ‘  Background 

'^The  basic  design  criteria  for  the  development  of  Army  helicopters 

REQUIRE  THAT  AIRCRAFT  DE  CAPABLE  OF  HOVERING  OUT  GROUND  EFFECT  AT  AN 
ALTITUDE  OF  6,000  FEET  WHEN  THE  TEMPERATURE  13  "^HIS  REQUIREMENT, 

COMMONLY  REFERRED  TO  AS  THE  ARMY  HOT  DAY  REQUIREMENT,  IS  MORE  SEVERE 
THAN  THE  CRITERIA  IN  USE  FOR  AlR  FORCE  AND  NAVY  AIRCRAFT,  AND  HAS  BEEN 
QUESTIONED  BY  AUTHORITIES  FAMILIAR  WITH  HELICOPTER  OPERATIONS.,  THE 
6,000  FOOT  DESIGN  TEMPERATURE  OF  THE  AlR  FORCE  AND  NAVY  IS  8l^F,  REQUIR¬ 
ING  AN  AIR  FRAME  WEIGHT  APPROXIMATELY  ONE-HALF  THAT  NECESSARY  TO  MEET  THE 

Army  standard.  -\ 

QthE  FREQUENCY  OF  OCCURRENCE  OF  HIGH  TEMPERATURES  AT  ELEVATIONS  UP  TO 
6,500  FEET  IN  THE  WARMER  LATITUDES  IS  PRESENTED  IN  THIS  STUDY  IN  ORDER 
THAT  THE  CURRENT  ARMY  HOVERING  CEILING  REQUIREMENT  CAN  BE  EVALUATED. (  ) 

'IS 

2.  Presentation  of  data 


a.  Altitude  Deli  mi  tat  ion 

Before  the  current  Army  H«t  Day  .requirement  was  adopted,  appar¬ 
ently  AN  ALTITUDE  REQUIREMENT  OF  6,000  FEET  WAS  ESTABLISHED  FOR  HELICOPTERS 
LOVER  I NG  OUT  OF  GROUND  EFFECT.  WlTH  THIS  CEILING  .ItflT  IN  MIND  FIGURE  1 
WAS  PREPARED  TO  SHOW  THE  GLOBAL  DISTRIBUTION  OF  HIGHLANDS  IN  TWO  CLASSES. 

The  "moderately  high"  areas  in  black  (between  1,000  and  2,000  meters  or 
3,280  AND  6,560  feet)  ARE  or  PRIME  INTEREST  SINCE  THEY  ARE  THE  AREAS  OF 
HIGHEST  ALTITUDES  AT  WHICH  HELICOPTERS  CURRENTLY  ARE  EXPECTED  TO  OPERATE 
UNDER  ALL  TEMPERATURE  CONDITIONS.  SINCE  HIGH  TEMPERATURES  ARE  NOT  AS 
FREQUENT  AT  HIGH  LATITUDES,  THE  STUDY  WAS  LIMITED  TO  AN  ANALYSIS  OF  TEM¬ 
PERATURES  REGIMES  BETWEEN  LATITUDES  ^5°N  AND  AT  "MODERATELY  HIGH" 

ALTITUDES.  FROM. THE  MAP  |T  CAN  BE  SEEM  THAT  "MODERATELY  HIGH"  AREAS 
ARE  MOST  EXTENSIVE  IN  SOUTHERN  ASIA,  SOUTHERN  AFRICA,  AND  WESTERN  UNITED 

States  and  Mexico.  They  are  not  extensive  in  Australia  and  South  America 
or  in  Europe  south  of  45°N.  . 

b.  Temperature  Regimes,  During  Warmest  Month 

Temperature  measurements  throughout  the  world  are  generally 
made  under  "standard"  conditions  in  instrument  shelters  at  heights  ranging 
from  about  four  to  eight  feet.  During  the  warmer  period  of  the  day  tem¬ 
perature  DIFFERENCES  BETWEEN  THE  "STANDARD1'  LEVEL  AND  THE  HEIGHT  OF 
GROUND  EFFECT  OH  HOVERING  HELICOPTERS  ( ABOUT  10  TO  20  FEET  WITH  CURRENT 
ROTOR  LENGTHS)  ARE  SMALL.  IT  IS  THEREFORE  POSSIBLE  TO  APPLY  "STANDARD" 
MEASUREMENTS  TO  THE  HELICOPTER  DESIGN  REQUIREMENT  PROBLEM. 


The  percentage  of  time  during  the  warmest  month  that  "standard" 
TEMPERATURES  WERE  ABOVE  80°,  85°,  95°>  100%  AND  105°F  WAS  DETERMINED 

V  FOR  A  NUMBER  OF  STATIONS  iN  THE  "MODERATELY  HIGH1'  AREAS  OF  THE  WORLD.  At 

'  THE  MAJORITY  OF  STATIONS  THESE  PERCENTAGE  FREQUENCIES  WERE  ESTIMATED  FROM 

;  CONSIDERATION  OF  THE  AVERAGE  TEMPERATURE  AND  THE  AVERAGE  DAILY  RANGE  CF 

TEMPERATURE  DURING  THE  WARMEST  MONTH  USING  A  TECHNIQUE  DEVELOPED  BY  SPREEN.* 

Actual  percentage  frequencies  were  available  for  United  States  stations 

•  '  AND  A  FEW  STATIONS  THROUGHOUT  THE  WORLD.  ALL  FREQUENCY  DATA  ARE  PRESENTED 

in  Table  1  along  with  mean  daily  maximum  and  absolute  maximum  temperatures 
OF  THE  WARMEST  MONTH. 

Time  oio  not  allow  for  estimation  of  frequency  of  high  temperatures 

■  FOR  ALL  MONTHS.  THE- ANNUAL  FREQUENCY  OF  OCCURRENCE  OF  TEMPERATURES  ABOVE 
THE  GIVEN  LEVELS  HOWEVER,  CAN  BE  ROUGHLY  ESTIMATED  BY  MULTIPLYING  THE  PER- 
'  CENT  AGE  FREQUENCIES  IN  TABLE  1  BY  THE  FOLLOWING  FACTORS: 


Station  Latitude  0°  '• 

.  20° 

0 

0 

CM 

-  45° 

Percentage  or 

Timf 

Exceeded 

Percentage 

of  Time 

Exceeded 

Temperature  (°F)  80  85 

90 

95 

80 

85 

90  95 

100 

Factor  .55  *5° 

00 

cn 

* 

.25 

•35 

•31 

.28  .21 

•15 

V 

These  factors  were  determined  empirically  from  analysis  of  temperature  fre¬ 
quencies  AT  TEN  STATIONS  OURING  ALL  MONTHS.  A  FACTOR  AS  LOW  AS  .08  WOULD 
INDICATE  THAT  TEMPERATURES  ABOVE  THE  GIVEN  VALUE  USUALLY  OCCUR  DURING  THE 
.V  ’  WARMEST  MONTH  WHILE  A  FACTOR  OF  I.OWOuLD  INDICATE  THAT  TEMPERATURES  ABOVE 
3  THE  JBIVEN  VALUE  PROBABLY  OCCUR  IN  EVERY  MONTH.  It  CAN  BE  SEEN  THAT  HIGH 
TEMPERATURES  ARE  NOT  RESTRICTED  TO  ONE  MONTH.  At  LOW  LATITUDE  STATIONS 
-r  — TEMPERATURES  ABOVE  80°F  MAY  OCCUR  EQUALLY  AS  OFTEN  IN  AS  MANY  AS  SIX  MONTHS. 
iN  THE  HIGHER  LATITUDES,  HOWEVER,  TEMPERATURES  AWOVE  95°F  OR  100°F  NORMALLY 
*  OCCUR  ONLY  IN  THE  TWO  OR  THREE  WARMEST  MONTHS. 

.  c.  Density  Altitude  . 

The  density  altitudes  that  were  excceded  five  percent  of  the  time 
in, the  warmest  month,  is  presented  in  the  final  column  of  Table  1.  These 
FIGURES’ WERE  ALSO.  USED  IN. THE  PREPARATION  OF  FIGURE  2  WHICH  IS  A  SCATTER 
DIAGRAM  Of  DENSITY  ALTITUDE  VERSUS  STATION  ALTITUDE. 

Density  altitude  refers  to  a  theoretical  density  which  would  exist 

IN  A  STANDARD  ATMOSPHERE  AT  A  GIVEN  HEIGHT.  THIS  STANDARD  ATMOSPHERE  HAS 


•Spr'een,  William  C.  Empirically  Determined  Distributions  of  Hourly  Tem¬ 
peratures  Journal  of  Meteorology,  Volume  1 37  August  195^>  Washington,~D.C. 
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A  PRESSURE  OF  2J ,J2"  OF  HG  AND  A  TEMPERATURE  OF  59°^  AT  se:a  LEVEL  •  THE 
ASSUMED  TEMPERATURE  LAPSE  RATE  IS  3*56°F"  PER  THOUSAND  FEET;  THUS  IN  THIS 
STANDARD  ATMOSPHERE,  AT  AN  ELEVATION  OF  2,000  FEET,  THE  TEMPERATURE  WOULD 
BE  ABOUT  7°F  LOWER  THAN  THE  SEA  LEVEL  TEMPERATURE.  WHEN  TEMPERATURES  ARE 
HIGHER  THAN  THE  "STANDARD1'  TEMPERATURE  THE  DENSITY  OF  THE  AIR  WILL  BE 
LESS  AND  L'ILL  BE  EQUAL  TO  THE  AIR  DENSITY  AT  SOME  HIGHER  ALTITUDE  WHERE 
THE  "STANDARD"  TEMPERATURE  PRCVAILS.  THIS  THEORETICAL  HIGHER  ALTITUDE  IS 
CALLED  THE  DENSITY  ALTITUDE. 

•  The  density  altitude  at  each  station  was  computed  by  first  estimating 

THE  TEMPERATURE  WHICH  IS  EXCEEDED  FIVE  PERCENT  OF  THE  TIME  IN  THE  WARMEST 

month  (from  Table  l)  and  then  computing  the  density  altitude  from  a  chart 

WHICH  PRESENTS  DENSITY  ALTITUDE  AS  A  FUNCTION  OF  TEMPERATURE  AND  ALTITUDE 

(Figure  3  -  the  chart  was  enlarged  from  TM  1 -260,  Principles  of  Rotary 
Wing  Flight,  September  1957)*  The  density  altitudes  so  derived  are  only 
approximations  because  humidity  and  pressure  variations  from  normal  were 

NOT  CONSIDERED  AND  BECAUSE  THE  "FIVE  PERCENT"  TEMPERATURES  WERE  ESTIMATES. 

Wind  also  was  not  considered  although  it  has  a  definite  effect  on  hovering 
ceilings.  When  temperatures  are  high  there  is  usually  some  air  movement 
and  the  hovering  ceiling  is  raised.  ’ 

3*  Discussion  of  data  1 

From  Figure  1  it  can  be  seen  that  a  substantial  percentage  of  the 

LAND  BETWEEN  45 °N  AND  45°S  CAN  BE  CLASSED  AS  HIGHLANDS  AND  IS  POTENTIALLY 
A  CHALLENGE  TO  HELICOPTER  OPERATIONS.  OF  COURSE  NOT  CNL'Y  THE  AMOUNT  OF 
SUCH  LANDS  BUT  ITS  DISTRIBUTION  IN  STRATEGIC  AREAS  OF  THE  WORLD  IS  SIGNI¬ 
FICANT.  ; 

High  temperatures  at  moderate  elevations  occur  most  frequently  in 

THE  SOUTHERN  PORTIONS  OF  ASIA  AND  NORTH  AMERICA.  KERMAN,  I  RAN,  ALTITUDE 
6,100  F EET ,  HAS  TEMPERATURES  ABOVE  95°^  1®  PERCENT  OF  THE  TIME  IN  JULY 
AND  THE  AVERAGE  CAILY  MAXIMUM  DURINC  THAT  MONTH  IS  101 °F;  KABUL,  THE 

capitalof  Afghanistan,  at  5*895  feet ,  has  a  mean  daily  maximum  in  July 

OF  Q2°F  AND  TEMPERATURES  ARE  ABOVE  95°F  s,x  PERCENT  OF  THE  TIME.  THE 
TEMPERATURE  REGIMES  AT  THESE  STATIONS  ARE  EXTREME  BUT  ARE  INDICATIVE  OF 
THE  OCCURRENCE  OF  APPRECIABLE  APE AS  OF  HIGH  HOT  LANDS  IN  SOUTHWEST  ASIA. 

If  MORE  CLIMATIC  DATA  WERE  AVAILABLE  FROM  THIS  REGION  THERE  WOULD  UN¬ 
DOUBTEDLY  BE  MANY  MORE  REPORTS  OF  SIMILAR  HOT  CONDITIONS  AT  MODERATE 
ELEVATION. 

In  North  America  temperatures  at  moderate  elevations  are  most  ex¬ 
treme  in  Central  Mexico  where  Camargo,  5*^3  feet,  has  a  June  mean  daily 

MAXIMUM  OF  108°F  AND  TEMPERATURES  CAN  BE  EXPECTED  TO  BE  ABOVE  95  °F  NEARLY 
A  QUARTER  OF  THE  MONTH.  IN  THE  SAME  AREA,  LAGOS,  6, 1 38  FEET,  HAS  TEM¬ 
PERATURES  ABOVE  95 °F  ELEVEN  PERCENT  OF  THE  TIME  IN  AN  AVERAGE  JUNE. 

Temperatures  are  generally  not  as  high  at  these  eleva.ions  in  the  United 
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Spates;  nevertheless,  mean  daily  maximum  temperatures  a3ove  8o°F  occur 

AT  ALTITUOES  UP  TO  6,500  FEEV  AND  TEMPERATURES  ABOVE  95°F  OCCUR  AT  ALL 

stations  in  Table  1  except  Ely,  Nevada.  More  dei ailed  snformation  on 

THE  OCCURRENCE  OF  HIGH  TEMPERATURES  AT  HIGH  ALTITUDES  IN  THE  UNITED  STATES 
'TS.PRESEi  'ED  IN  RESEARCH  REPORT  EA-9  "HIGH  TEMPERATURES  AT  HIGH  ElEVA- 
tions",  Quartermaster  Research  &  Engineering  Command,  Natick,  Massachu¬ 
setts,  January  195&. 

In  Figure  2  it  can  be  seen  that  at  any  given  altitude  in  tropical 
and  temperate  locations  the  density  altitude  during  the  warmest  month 
VARIES-  BY  ABOUT  2,000  FEET  FROM  THE  COOLEST  TO  THF  WARMEST  STATIONS^  AND 
THE  DENSITY  ALTITUDE  IS  MORE  A  FUNCTION  OF  ALTITUDE  THAN  IT  IS  OF  TEM¬ 
PERATURE.  Temperatures  are  an  important  determinant  of  density  altitude, 

BUT  THE  DETERMINATION  OF  THE  ALTITUDE  CEILING  AT  WHICH  HELICOPTERS  SHOULD 
BE  EXPECTED  TO  HOVER  IS  THE  MOST  IMPORTANT  ASPECT  OF  THE  HELICOPTER  DESIGN 
REQUIREMENT  PROBLEM. 

The  blue  line  in  Figure  2  is  the  density  altitude  of  the  "Army  Hot 
Day  Requirement".  The  red  line  in  the  Figure  is  the  density  altitude  of 
the  Air  Force-Navy  "Hot  Atmosphere".  The  relative  merits  of  the  two 

STANDARDS  CAN  ONLY  BE  DETERMINED  WHEN  THE  REQUIRED  CEILING  HEIGHT  AND  THE 
AMOUNT  OF  RISK  TO  BE  ALLOWED  ARE  DETERMINED.  THE  GEOGRAPHICAL  DATA  IN 
THIS  REPORT  WILL  ASSIST  IN  THE  DETERMINATION  OF  THE  RELATIVE  MERITS  OF 
THE  TWO  STANDARDS. 


TABLE:  ii  FREQUENCY  OF  OCCURRENCE  OF  HIGH  TEMPERATURES 
DURTn'G~WARMEST  MONTH  AT  STATIONS  AT  MODERATE  ELEVATIONS 
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DISTRIBUTION  OF  HIGH  LANDS 
BETWEEN  45°N  45°S 
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High 

Moderately  High 


-  iC 


L  I .  _ J  Elevations  above  2000  meters 
CHZH3  Elevations  between  1000  and  2000  meter 


Elevations  below  1000  meters 


Moderately  high  lands  in  areas  of  the  world  .between  45°N  and  45°S 
are  considered  for  determining  helicopter  design  criteria.  Areas  of 
greater  elevation  are  too  high  for  consideration  and  areas  of  lower 
^elevation  do  not  present  as  severe  design  problems. 
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DENSITY  ALTITUDE  EXCEEDED  5  PERCENT  OF 
TIME  AT  136  SELECTED  STATIONS  BETWEEN 
3000  AND  7000  FEET  ALTITUDE 
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ALTITUDE  IN  FEET 


DENSITY  ALTITUDE  -  FEET 


SET  ALTIMETER  TO  29.92  IN.  HG. 
WHEN  READING  PRESSURE  ALTITUDE 
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